Objectives: Surgery for pelvic organ prolapse (POP) is common with increasing high-quality evidence to guide surgical practice. Yet many important basic questions remain, including the optimal timing for POP surgery, the optimal preoperative evaluation of urinary tract function, and the postoperative outcome assessment. This manuscript reviews traditional surgical approaches for POP.
RECONSTRUCTIVE PROCEDURES Apical
The apex is the keystone of pelvic organ support. Support of the apex must be assessed regardless of the presence or absence of the uterus. Without good suspension of the uterus or posthysterectomy vaginal cuff, the anterior and posterior walls are exposed to intra-abdominal forces that drive these tissues toward the introitus. Because of the significant contribution of the apex to anterior vaginal support, the best surgical correction of the anterior and posterior walls may fail unless the apex is adequately supported. 1, 2 There is Level 2-3 evidence that suspension of the apex by an appropriate method should be considered at the time of each vaginal prolapse repair. While recognition of apical defects is one of the biggest problems in the evaluation of pelvic support defects, surgical correction of the apex has several good options with relatively high success rates. Sacrocolpopexy is a highly recommended apical prolapse procedure. There is Level 1 evidence that synthetic material is superior to biologic material for sacrocolpopexy. 3 Mesh erosion is a known complication of sacrocolpopexy regardless of performance of concomitant hysterectomy. A recent review 4 noted the rates of erosion to be 2% to 11% from institution to institution.
In the CARE trial, investigators documented that concurrent hysterectomy and smoking are modifiable risks for mesh/suture erosion. Data are corroborated by the majority of other evidence from Level 3 reports, [5] [6] [7] although there is conflicting Level 2 data from one source. 8 While uterine preservation (or supracervical hysterectomy) is an alternative, the utility and safety of these techniques are not known. In a Level 2 RCT, Roovers et al reported poor outcomes for sacral hysteropexy as compared with vaginal repair. 9 Expert opinion strongly warns against simple suturing of the apical skin as this is insufficient fixation and likely to result in recurrent prolapse. Laparoscopic sacrocolpopexy is used as an alternative to open sacrocolpopexy, 10, 11 although no comparative studies report outcomes.
Level 1 evidence supports a higher anatomic efficacy with abdominal route of surgery compared with the vaginal route. There are 3 randomized controlled trials designed with the specific aim to compare vaginal and abdominal routes for the surgical correction of pelvic organ prolapse (POP) [12] [13] [14] [15] [16] [17] as well as a Cochranereview. 17 Although these studies had relatively small numbers for comparison (approximately 40 women in each comparison group), the effect sizes were large.
Abdominal sacrocolpopexy has greater morbidity, higher cost, and less dyspareunia than vaginal sacrospinous ligament suspension (SSLS). 15, 12 These features have prompted surgeons to seek alternatives that maintain the advantages of the colpopexy and reduce procedure-associated morbidity using a vaginal approach.
Support of the vaginal cuff following hysterectomy is recommended by most authorities, and may be achieved by SSLS or reattachment of the uterosacral ligaments to the vaginal cuff, McCall culdoplasty, and Mayo culdoplasty. A single study compared these 3 methods of transvaginal apical suspension at the time of hysterectomy to determine the efficacy of prevention of posterior enterocele as a proxy for apical support, 18 and found that the McCall-type suspension was anatomically superior.
There are no randomized trials that support the use of the iliococcygeus fixation, but several case series demonstrated good anatomic cure rates. 19 -21 In a retrospective case-control study, Maher et al reported similar subjective (91% vs. 94%) and objective (53% vs. 67%) cure rates with iliococcygeus fixation (n ϭ 50) compared with sacrospinous fixation (n ϭ 78). 21 Vaginal suspension to a high levator myorrhaphy plication has been reported, 22 but rates of dyspareunia are high, and the procedure has been largely replaced by other techniques.
There is no evidence for the superiority of any specific technique for transvaginal apical suspension using native tissue. However, the 2 most popular techniques include the SSLS and the USLS.
The traditional SSLS procedure as described by Nichols has been associated with high rates of anterior wall recurrences in some studies. 23 Uncontrolled retrospective case series and clinical trials in which SSLS was used in 1 arm suggest that anterior recurrence is more common (6%-28.5%) than apical recurrence (2.4%-19%). The Michigan modification 24 avoids a suture bridge and draws the entire vaginal apex into direct contact with the coccygeus muscle and underlying ligament, using delayed absorbable sutures across the entire vaginal cuff. Reoperation rates after SSLF range from 1.3% to 37%, with all but 2 series reporting rates less than 7%. Case series provide the majority of evidence regarding the SSLS complications, which include buttock pain and sacral/ pudendal neurovascular injury. 25 The USLS maintains the vaginal axis in the midline and allows adjustment of the vaginal length. 26, 27 A weakness of the procedure is the risk of ureteral injury; therefore, intraoperative cystoscopy after the sutures are tied down is an essential part of this procedure. The current evidence supporting the use of ULS is limited to 7 uncontrolled retrospective case-series (Table 1 ). In these studies, ULS is associated with low overall recurrence (4%-18%), anterior vaginal prolapse recurrence of 3.5% to 11%, and reoperation of Ͻ7%. These promising results are balanced by ureteral injury with this procedure.
There is insufficient information to provide evidence-based recommendations for the route of primary prolapse repair. Three randomized trials provide Level 1 evidence that sacrocolpopexy is more effective and durable in correcting anatomic defects, while the native tissue vaginal route is faster and less expensive to perform with a quicker return to activities of daily living. In addition, the vaginal route has fewer serious perioperative complications. Likewise, there is insufficient information to provide evidence-based recommendations for the optimal vaginal repair approach, including technique and materials. There is no evidence to support the use of mesh in the vaginal repair of apical prolapse.
Anterior Vaginal Wall Defects
Performed abdominally: paravaginal defect repair. Performed vaginally: anterior colporrhaphy.
Anterior wall defects are linked to stress urinary incontinence: large cystoceles may mask an underlying stress urinary incontinence because the increased abdominal pressure that provokes stress incontinence can create a momentary "kink" to the urethra, which prevents the leakage. The risk of developing de novo SUI after abdominal repair of anterior and apical defects is 45% at 3 months postprocedure, 28 while the risk of de novo SUI after vaginal repair is currently under investigation. 29 A single RCT provides Level 1 evidence that concomitant Burch colposuspension is recommended in women without symptoms of stress incontinence at the time of open sacrocolpopexy. There is conflicting Level 2 evidence.
The paravaginal repair reattaches the midline fibromuscular layer supporting the vagina to the arcus tendineus fascia pelvis. Several case series have reported that the range of success rate for the abdominal paravaginal repair is 75% to 97% 30 -34 (Table 2) . While this technique can be duplicated laparoscopically, no efficacy information is available. The paravaginal repair can be performed vaginally, but complication rates seem unacceptably high. 35, 36 The success rates of anterior colporrhaphy in the management of cystoceles ranges from 80% to 100% in retrospective series [37] [38] [39] [40] (Table 3 ). Experts agree that there is a great deal of variation in the clinical performance of anterior colporrhaphy. In 2 separate randomized control trials, Weber et al 41 and Sand et al 42 reported less favorable outcomes with the anterior colporrhaphy, 42% and 57%, respectively. Although colposuspension is not used as a treatment for anterior vaginal support defects, Colombo et al reported longterm follow-up randomized trial results suggesting that the anterior colporrhaphy (97% success rate) was superior to the colposuspension (66%) in the management of the cystocele in women with cystocele and stress urinary incontinence. 43 The recurrence rates for surgically treated anterior wall defects are higher than for apical and posterior wall defects; it is not surprisingly, therefore, that augmentation of the anterior wall has been suggested in both biologic and mesh types. The majority of Level 1 and 2 evidence 42, 44 suggest that the use of absorbable synthetic mesh overlay offers a superior anatomic outcome for anterior wall prolapse as compared with anterior colporrhaphy alone, although the evidence is divided based on relatively few women. 41 The majority of Level 1 evidence suggests that polypropylene mesh overlay has a superior anatomic outcome as compared with traditional anterior colporrhaphy. These findings need to be tempered with Level 2 and 3 evidence suggesting that significant functional complications are associated with the employment of nonabsorbable meshes at the time of vaginal reconstructive surgery. 45, 46 These complications include erosion of mesh into the vagina or nearby organs, dyspareunia, and pain, often associated with contraction of the mesh over time. Overall, the committee concluded that the use of polypropylene mesh for transvaginal anterior wall repair improves 1 year anatomic outcomes; this advantage should be weighed against the risk of mesh-related complications and uncertainty regarding long-term functional outcomes.
Biologic grafts reduce or avoid many of the complications seen with mesh augmentation, but there are data to show that biologic grafts improve the anatomic or functional out-comes of anterior wall surgery. A single welldesigned RCT and Level 2 evidence suggest the porcine dermis graft overlay to be more effective than anterior colporrhaphy alone. 47 A significant body of Level 2 and 3 evidence has not been able to reproduce these results. A single RCT and Level 3 evidence suggest the little benefit is be derived from cadaveric fascia lata 48 or dermis 49, 50 as a graft material.
Posterior Vaginal Wall Defects
There is insufficient evidence to recommend a surgical threshold based on anatomic support loss. Symptoms that have been associated with posterior wall prolapse include difficult defecation and splinting. Constipation is recognized as a colonic motility disorder that is not treated by posterior vaginal surgery. Traditional fascial plication of the posterior vaginal wall has a lower anatomic failure rate than site-specific fascial defect repair. Paraiso et al compared 3 techniques of vaginal repair--posterior colporrhaphy (PCR), site-specific repair (SSDR), and graft augmentation with site specific repair by prospective RCT 51 at 17 months ( Table 4) . The anatomic success rates were 86% and 78%, respectively, in the PCR versus SSDR group. The functional outcomes of difficult evacuation and vaginal digitations were similar in both groups, and there was improvement in the sexual function (PISQ-12) scores in all the treatment groups. The dyspareunia rates were 20% in the PCR compared with 14% in the SSDR. The anatomic and functional outcomes between SSDR and PCR were similar in this study. These studies do not provide evidence to support use of augmenting biologic materials for posterior prolapse repair.
Both prospective and retrospective case series on the site specific defect repair have reported success rates in the range of 67% to 92% with good functional outcomes (Table 3) . [52] [53] [54] One uncontrolled comparison of PCR with site-specific defect repair 55 reported that the recurrence risk was higher in the site specific group at the end of 1 year follow-up (33% vs. 14%) and the postoperative anatomic improvement was better with the PCR, P ϭ 0.001. The functional outcomes of difficult evacuation, fecal incontinence, and postoperative dyspareunia were similar in both groups.
Levator ani plication during PCR should rarely be used in sexually active women because of the increased risk of dyspareunia.
Other approaches to posterior wall defects are as follows: the transvaginal approach appears to be superior to the transanal approach for repair of posterior wall prolapse in 2 prospective randomized controlled trials comparing the transvaginal and transanal techniques. 56, 57 The abdominal route has been employed in the correction of posterior vaginal wall prolapse when a coexisting apical defect required surgery, using a modification of sacrocolpopexy with exten- There is no Level I or II evidence to support the use of mesh in posterior wall repair, and several case series demonstrate that the surgical therapeutic ratio of augmentation with synthetic material is not favorable. Case series report that synthetic grafts are associated with anatomic success rates at the cost of complications and sequelae. 58 -60 Mesh kits have variable results and complication rates, again in case series with either small samples or limited follow-up. [61] [62] [63] [64] Transvaginal placement of mesh after intraoperative procotomy is discouraged.
Biologic grafts do not appear to enhance to results of traditional PCR in 2 randomized trials. A single RCT provides Level 1 evidence that porcine dermis without fascial repair is inferior to posterior vaginal fascial plication or site-specific defect repair. This is consistent with a Level 2 cohort study. 51, 65 
OBLITERATIVE PROCEDURES PERFORMED VAGINALLY
LeFort colpocleisis (uterus is present). Partial colpocleisis (posthysterectomy). Total corpectomy (usually with levator myorrhaphy).
Obliterative procedures have an important role to play in the management of POP: in many women, the loss of coital function is offset by the positive impact on their daily activities. These procedures are performed on an outpatient basis with an immediate return to normal activities, and success rates have been described as high as 100%. High rates of patient satisfaction have been reported 66, 67 with low rates of regret for loss of sexual function. The Pelvic Floor Disorders Network recently completed a large series of women undergoing colpocleisis with 1 year follow-up, and 125 (95%) patients said they were either "very satisfied" or "satisfied" with the outcome of their surgery. These investigators concluded that colpocleisis was associated with high patient satisfaction and was effective in resolving prolapse and pelvic symptoms.
CONCOMITANT SURGERY
Hysterectomy at the time of POP repairs is the standard practice in most parts of the world despite the fact that descent of the uterus may be a consequence, not a cause of POP. Surprisingly, given its widespread use, concomitant hysterectomy is not an evidence-based practice. Increasingly, women may wish to avoid hysterectomy at the time of POP repairs because of factors such as desire for further childbearing, the belief that the uterus is important for sexual satisfaction, and the success of recent conservative procedures for uterine bleeding and fibroids. While there are no prospective comparison trials, a few smaller studies suggest that there may be no disadvantage in outcome with conservation of the uterus, and operating time is shorter. Well-designed RCT studies comparing the repair of POP with and without hysterectomy should be prioritized. Concomitant total hysterectomy at the time of mesh-augmented repairs increases mesh erosion; therefore, alternative surgical plans with reduced risks should be considered.
When hysterectomy is indicated, concomitant anterior repair without augmenting materials is reasonable.
SUMMARY AND RECOMMENDATIONS
There is sufficient evidence to support recommendations for some, but not all, decisions regarding the route of POP surgery. Textbooks of pelvic surgery often describe both abdominal and vaginal routes for POP procedures without commenting on the basis for selection of the route of surgery. When mentioned, most authorities state that pelvic surgeons should be proficient at procedures using both routes, and should tailor the procedure to the patient and her specific defects, decrying the "one procedure fits all" concept. However, some procedures for POP require special skills or experience, and not all surgeons will feel comfortable with all procedures. Relative indications cited for abdominal surgery include other reasons that mandate an abdominal approach, such as pelvic masses, the likelihood of dense pelvic adhesions, or the need for other extrapelvic abdominal procedures. Additional factors must include risk factors for failure, medical condition of the patient, risk of abdominal surgery in obesity or the frail elderly, and prior failed procedures for POP.
The emergence of mesh-based procedures poses a dilemma as there is significant uncertainty about the safety and efficacy of secondary prolapse procedures for prolapse recurrence following a primary mesh procedure. There are surgical concerns regarding the status of normal dissection planes, especially following a uterine-conserving meshbased procedure. Given the high success rates of sacrocolpopexy in women with recurrent prolapse, the risk/benefit ratio of routine mesh placement for primary prolapse procedures needs further evaluation. Appropriate counseling of patient must include the known serious risks of mesh placement and the uncertainty of long-term functional outcomes.
The committee made the following graded recommendations: GRADE C usually depends on Level 4 studies or majority evidence from Level 2 of 3 studies or Dephi processed expert opinion.
Y Suspension of the apex by an appropriate method should be considered at the time of each vaginal prolapse repair. Y There is no evidence for the superiority of any specific technique for transvaginal apical suspension using native tissue. Y Traditional fascial plication of the posterior vaginal wall has a lower anatomic failure rate than site-specific fascial defect repair. Y A single Level 1 study provides evidence that the use of porcine dermis as an overlay for anterior vaginal repair is superior to traditional vaginal fascial plication, although there are conflicting Level 2 and 3 data. Y Transvaginal placement of mesh after intraoperative procotomy is discouraged. Y Laparoscopic sacrocolpopexy is used as
an alternative to open sacrocolpopexy, although no comparative studies report outcomes. Y Evidence-based surgical alternatives should be offered to all women planning prolapse surgery. Y The safety and feasibility of reoperation in the event of recurrent prolapse should be considered when performing the primary repair.
GRADE D ϭ "no recommendation possible" to be used where the evidence is inadequate or conflicting and where expert opinion is delivered without a formal analytical process, such as by Dephi. Y There is insufficient information to provide evidence-based recommendations for the route of primary prolapse repair. There is Level I evidence that sacrocolpopexy is more effective and durable in correcting anatomic defects, while the native tissue vaginal route is faster and less expensive to perform with a quicker return to activities of daily living. In addition, the vaginal route has fewer serious perioperative complications. Y There is insufficient information to provide evidence-based recommendations for the optimal vaginal repair approach, including technique and materials.
